Characterization of a novel thermostable chitin-binding domain and its application in immobilization of a multifunctional hemicellulase.
A novel thermostable chitin-binding domain (Tt-ChBD) of chitinase A1 from Thermoanaerobacterium thermosaccharolyticum DSM571 was cloned, characterized, and compared for its binding activity with another mesophilic chitin-binding domain (Bc-ChBD). Recombinant protein with Tt-ChBD exhibits stronger affinity to chitin than those with Bc-ChBD at temperatures from 65 °C to at least 75 °C, but not to other polysaccharides including xylan, chitosan, cellulose, and agarose. For repeated production of xylose from arabinoxylan-containing feedstocks, a best-characterized trifunctional chimeric enzyme Xar-L1-Xyn (XX) constructed in our previous work was attempted to be immobilized on chitin efficiently by genetically fusing Tt-ChBD to the N-terminal region of XX (named CXX) and the C-terminal region of XX (named XXC), respectively. The fusing position of Tt-CBD affected the affinity-binding activity to chitin. Recombinant XX, XXC, and CXX were purified to homogeneity and characterized. According to the xylosidase activities, the optimum temperature and pH profiles of the CXX and XXC both in free and immobilized form were the same as those of XX. However, the thermal and pH stabilities of the immobilized XXC and CXX were both greatly improved in the range from 70 to 90 °C and pH 4.2-8.2. The immobilized multifunctional hemicellulase exhibited high stability to producing xylose for at least 19 or 30 times in continuous operation with the achievement of 60% or 80% conversion yield at temperatures up to 65 °C. These results indicate the usefulness of Tt-ChBD as an affinity tag for the simultaneous purification and immobilization of the enzyme on chitin and the great potential applications for thermophilic enzyme immobilization at higher temperatures.